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(54) ZOOM LENS 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a zoom lens suitable for a 
video camera having a wide picture angle and embodied in a simple 
lens configuration. 

SOLUTION: A zoom lens concerned includes the first group G1 
having a positive refractive power, the second group G2 having a 
negative refractive power, the third group G3 having a positive 
refractive power, and the fourth group G4 having a positive refractive 
power, in the sequence as named from the side with the object 
concerned, and when a power change is to be made from the wide 
angle end to the telescopic end, the second group G2 moves to the 
image side, and the third group G3 moves to the object side at all 
times, and the fourth group G4 is moved to the object side at all 
times, wherein the first group G1 consists solely of positive single 
lens. 
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9.988 , 


17.915 



K = 0. 0000 
A4 =-2. 0185 X 10-5 
Afi =-1. 0045 X 10-7 
As = 2. 1313 X 10-9 
Aio=-1.7474 X 10-11 

K = 0. 0000 
A4 =-5. 7976 X 10-5 
Ag = 1. 4379 X 10-7 
As =-2. 0236 X 10-9 
Aio= 6. 3183 X 10-12 

[0 0 4 81 ^M^J2 . 

f = 8.900 --15.400 '-'26.700 
Fno= 2.000 2.382 2.877 
<o =33.588'' -20.245^ -11.934' 



ri = 


51.1602 (tm^) 


d 1 = 6. 0000 


Hdl 


=1. 49241 


"Vdl 


=57. 66 


^2 = 


-340. 7162 


d2=(^^) 










^3 = 


105. 0895 


da = 2.0000 




=1. 49241 


Vd2 


=57. 66 


^4 = 


10. 4665 


d4 = 7.7608 ^ 










r 5 = 


-29. 9386 


ds = 1.5050 


nd3 


=1. 49241 


^d3 


=57. 66 


r6 = 


33.9326 (tm^) 


d6 = 2.8972 










r 7 = 


43. 1092 


d 7 = 2. 5000 


nd4 


=1. 84666 


Vd4 


=23. 78 


r 8 = 


184. 3030 


d8=(^^) 










r9 = 




d9=(^^) 










r 10= 


24.1821 amm) 


d 10= 4. 7604 


HdS 


=1. 49241 


VdS 


=57. 66 


r 11= 


-30. 7507 


d 11= 0. 1500 










r 12= 


10. 1953 


di2= 4.6184 


nd6 


=1. 56883 


Vd6 


=56. 33 


r 13= 


26. 5327 


d 13= 0. 1700 










r 14= 


32. 2596 


d 14= 1. 1311 


HdT 


=1. 84666 


Vd7 


=23. 78 


r 15= 


8. 6992 


di5=(^^) 










r 16= 


18.2256 i^mm) 


d 16= 4. 5000 


rids 


=1. 49241 


Vd8 


=57. 66 


ri7= 


-27. 7589 


di7=(^'^) 











(8) 



10-62687 



r 18= 
r 19= 

^20= 
r 21= 

r 22= 



oo 
oo 
oo 
oo 
oo 



di8= 1.6000 
di9= 2.6300 
d2o= 1.0000 
d2i= 1.0000 



f 


8.900 


15.400 


26.700 


d. 


1.000 


11.686 


20.458 


dg 


21.458 


10. 772 


2.000 


d. 


14.257 


7.512 


2.000 


di6 


7.480 


10.686 


9.897 


di7 


7.577 


11. 116 


17.417 



n^g =1.52420 v^g =70.20 
ndio=l. 54425 Vdio=67.00 

ndn=l- 50000 v dii=60. 00 



K = 0. 0000 
A4 =-1. 1011 xiO-6 
Ag =-4.1613 xlO-9 
Ag = 1. 1957 X 10-11 
Aio=-1.5633 X 10-14 
SS6® 
K = 0.0000 
A4 =-4.6385 xlO-5 
Afi =-5.6702 xlO-8 
As = 2. 8259 X 10-9 
Aio=-2.5546 X 10-11 

miom 

K = 0.0000 

A4 =-3. 2121 X 10-5 

Ag = 5. 1978 X 10-10 

As =-2. 2641 X 10-10 

Aio= 8.2732 X 10-13 

^16® 

K = 0. 0000 

A4 =-3. 1628 X 10-5 

Ag = 1. 5533 X 10-8 

Ag = 1. 6602 X 10-10 

Aio=-3.2434 X 10-12 

[0 0 4 91 m^ms 

f = 8.900 --15.400 ^26.700 
Fno= 2.800 3.363 4.246 
Q, =33.647' --19.906** —11.784** 
r 1 = 110. 2121 amm) a i = 6. OOOO n ji =1. 49216 v di =57. 50 



Si^mW- 10-62687 



^2 = 


-64. 6133 


d2=(^^) 










r 3 = 


-126. 0608 


d3 = 1.6000 


nd2 


=1. 49216 


'^d2 


=57. 50 


r 4 - 


14.0489 i^m^) 


d4 =11. 0637 










r 5 = 


-12.0152 


d5 = 1.5000 




=1. 48749 




=70. 21 


r 6 = 


-168. 0278 


d6= 2.0000 


nd4 


=1. 84666 


'Vd4 


=23. 78 


r 7 = 


-37. 6785 


d7=(^^) 










r n = 




d8=(^^) 












10.2335 (^^^®) 


d 9 = 7. 4642 


r^ds 


=1.49216 




=57. 50 




-31.1103 


d 10= 0. 1500 










r 11= 


31. 1135 


dii= 1.0000 


l^d6 


=1. 84666 


Vd6 


=23. 78 




10. 3337 


di2=(^^) 










r 13= 


15.4408 (mt^) - 


d 13= 4. 5000 


^d? 


=1. 49216 


Vd? 


=57. 50 


r 14= 


-32. 4998 


di4=(^^) 










r 15= 


oo 


di5= 1.6000 


HdS 


=1. 52420 


Vd8 


=70. 21 


r 16= 


oo 


di6= 2:6300 


nd9 


=1. 54425 


VdS 


=67. 01 


r 17= 


oo 


di7= 1.0000 










r 18= 


oo 


di8= 1.0000 


ndio=l. 50000 


VdlO 


=60. 01 


r 19= 


oo 













X-AMRI 



f 


8.900 


15.400 


26.700 


d, 


1.022 


10. 519 


17.595 


dr 


18. 573 


9.076 


2.000 


ds 


13, 776 


6.666 


2.000 


di2 


4.445 


7.421 


5.748 


di4 


11. 868 


16.001 


22.341 



K = 0. 0000 
A4 =-5.4607 XlO-6 
As = 8.7595 X 10-10 
As = 1.4591 X 10-11 
Aio=-4.0171 X 10-14 

K = 0. 0000 
A4 =-5. 9752 X 10-5 
Ag =-1. 1184 X 10-7 
Ag =-2. 6701 X 10-9 
Aio=-6.9575 X 10-12 

K = 0.0000 

A4 =-1.1563 xl0-<i 

Ag =-5. 8566 X 10-7 




(10) #M¥1 0-6 2 6 8 7 

Ag =-3. 0848 X 10-9 
Aio=-4.8687 X 10-11 

mi 3ffi 

K = 0.0000 
A4 =-5.1534 xlO-5 
Afi = 1.9734.x 10-7 
Ag =-7. 5561 X 10-9 
Aio= 7. 3471 X 10-11 

[0 0 5 0] mmm4 

f = 8.900 --15.400 —26.700 
Fno= 2.803 — 3.273 4.352 
o> =33:979" '-19.754° -11.714" 



r 1 = 


57. 4208 




d 1 - 0. UUUU 


Hdl 


=1. 49241 


'V di 


— 0 1 . DO 


r 2 = 


-123. 0099 




d2 =(pT^) 










r 3 = 


69. 5577 




d 3 = 1. 6000 


nd2 


=1. 69680 


'Vd2 


=55. 53 


^4 = 


14. 2834 




d 4 = 6. 2586 










rs = 


-21. 1750 




d 5 = 2. 0000 


nd3 


=1. 49241 


Vd3 


=57. 66 


r 6 = 


21. 5395 




d6= 4.0013 










r? = 


27. 4483 




d 7 = 2. 0000 




=1. 84666 


Vd4 


=23. 78 


rs = 


61. 9967 




d8=(^^) 










r 9 = 






d9=(^^) 










r 10= 


10. 1242 




d 10= 6. 4751 




=1. 49241 


VdS 


=57. 66 


r 11= 


-33. 1255 




d 11= 0. 1500 










r 12= 


37. 2082 




di2= 1.0000 




=1. 84666 


Vd6 


=23. 78 


r 13= 


11.0517 




di3=(^^) 










r 14= 


19. 5986 




d 14= 4. 5000 


nd7 


=1.^49241 


Vd? 


=57. 66 


ri5= 


-24. 6901 




di5=(^^) 










r 16= 


00 




di6= 1.1400 


^dS 


=1. 54771 


VdS 


=62. 84 


ri7= 


00 




d 17= 0. 8100 


i^dg 


=1. 54771 


Vd9 


=62. 84 


r 18= 


00 




di8= 1.0000 










r 19= 


CO 




di9= 1.6000 


ndio=l- 51400 


VdlO 


=75. 00 


20= 


00 















X-AMRi 



f. 


8.900 


15.400 


26.700 


da 


1.686 


11.413 


17.062 


da 


17.393 


7. 667 


2.000 


d9 


14.398 


8.430 


2.000 


di3 


5.422 


7, 135 


6.302 


di5 


14. 789 


19.045 


26.325 



K = 0. 0000 




' (11) 0-6 2 6 8 7. 

A4 =-2.5737 xlO-6 
Ag - 3.4236 xlO-9 
Ag = 3.3566 X 10-12 
Aio=-2.4726 X 10-14 

miom 

K = 0. 0000 
^ A4 =-1. 2078 X 10-4 
Ag =-9. 4584 X 10-7 
As = 8. 7354 X lO'^ 
Aio=-1.7356 X 10-10 
mi 4E 
K = 0, 0000 
A4 =-4. 3466 X 10-5 
Ae =-1. 1251 X 10-7 
A8.= 3.8242 XlO-9 
Aio=-3.8018 X 10-11 

[0 0 5 11 mm.m 5 

f = 8.900 --15.400 ---26.699 
Fno= 2.803 3.020 — 4.416 
CO =34.195° -20.020'' -11. 708*' 



ri = 


43.7492 




d 1 = 5. 0000 


Hdl 


=1. 69680 


-Vdi 


=55. 53 


^2 = 


161. 9148 




d2=(^^) 










r 3 = 


24. 2833 




d 3 = 1. 6000 




=1. 69680 


Vd2 


=55. 53 


r 4 = 


12. 8835 




d4= 5.2105 










1^5 = 


-57. 3267 




d5 = 1.3000 




=1. 69680 


'Vd3 


=55. 53 


r 6 = 


14. 5752 




d 6 = 4. 5523 










r 7 = 


17. 8323 




d 7 = 2. 0000 


nd4 


=1. 84666 


Vd4 


=23. 78 


r 8 = 


27. 1091 




d8=(^^). 










r 9 = 




d9=(pr^) 










r 10= 


10. 7156 




dio= 5.0000 


Has 


=1. 49241 


Vd5 


=57. 66 


r 11= 


-28. 6168 




dn= 0.1500 










r 12= 


50. 1240 




di2= 1.0000 




=1. 84666 


Vd6 


=23. 78 


r 13= 


13. 1907 




di3=(^^) 










r 14= 


29. 0560 




di4= 4.5000 


Hd? 


=1. 49241 




=57. 66 


r 15= 


-19. 9778 




di5=(^^) 










r 16= 


oo 




di6= 1.1400 


"dS 


=1. 54771 


'Vd8 


=62. 84 


r 17= 


oo 




di7= 0.8100 


nd9 


=1. 54771 


Vd9 


=62. 84 


r 18= 


oo 




di8= 1.0000 










r 19= 


oo 




di9= 1.6000 


ndio=l. 51400 


VdlO 


r75. 00 



r 20= 




(12) H^mW-l 0-6 2 6 8 7 



f 


8.900 


15.400 


26.699 


d2 


1. 000 


12. 535 


16.106 


da 


18, 799 


7.264 


3.693 


de 


15.637 


12.496 


2.000 


di3 


5. 363 


5.029 


7.764 


di6 


14.952 


18.427 


26.188 



^10® 

K = 0. 0000 

A4 =-1.3295 XlO-4 

Aft =-4. 9679 X 10-7 

Ag =-9.0848 X 10-10 

Aio=-4. 5990 X 10-11 

^14® 

K = 0.0000 

A4 =-4.7875 XlO-5 

Ae =-1.9958 X 10-« 

Ag = 2. 8214 X 10-9 

Aio=-1.2863 Xl0-i\ 

[0 0 5 21 mmm 6 . ' 

f = 9.000 --15.590 —27.000 
Fno= 2.800 3.030 - 4.069 
CO =33.547° -19.73r -11.515'' 



r 1 = 


44. 5137 


di = 4.4000 


^di 


=1. 69680 


Vdi 


=55. 53 


r2 = 


137. 7320 












r 3 = 


23. 5602 


d3 = 1.6000 




=1. 69680 


'Vd2 


=55. 53 


r 4 = 


12. 0406 


d4= 5.7412 










r 5 = 


-54. 8255 


d5 = 1.5000 




=1. 56384 




=60. 70 


r 6 = 


13. 6238 


d6= 3.8135 










r 7 = 


16. 0196 


d 7 = 2. 2000 




=1. 84666 


Vd4 


=23. 78 


r 8 = 


23. 3091 












^9 = 




d9=(^^) 










r 10= 


31. 1300 


dio= 6.5179 


HdS 


=1. 77250 


VdS 


=49. 60 


r 11= 


-15. 0403 


d 11= 0. 1939 










r 12= 


-13. 3787 


d 12= 0. 8893 


Hde 


=1. 84666 


Vd6 


=23. 78 


1*13= 


-65. 0570 












ri4= 


-2370.3961 itmm 


d 14= 4. 3000 


rid? 


=1.49241 


Vd7 


=57. 66 


r 15= 


-14. 2694 


di5=(^^) 










ri6= 


00 


di6= 1.1400 


HdS 


=1. 54771 


Vd8 


=62.84 


r 17= 


00 


di7= 0.8100 


nd9 


=1. 54771 


Vdg 


=62.84 


ri8= 


00 


di8= 1.0000 











(13) 



4#r?B¥l 6-6 2 6 8 7 



r 19= 

r 20" 
r 21= 

r 22= 



oo 
oo 
oo 
oo 



d 19= 1. 0000 n dio=l- 51000 v <iio=75. 00 
d2o= 1.0000 

d 21= 0. 8000 n dii=l. 52300 v aii=55. 00 



f 


9.000 


15. 590 


27,000 


da 


1.000 


13. 349 


18.974 


ds 


20.474 


8. 125 


2.500 


ds 


13.221 


9. 796 


2.000 


di3 


6.416 


6. 356 


7.516 


di5 


15, 209 


18.694 


25.330 



^14® 
K = 0. 0000 
A4 =-7. 8946 X 10-5 
= 3. 2441 X 10-8 
Ag =-1.6090 xlO-9 
^ Aio= 1.6631 X 10-11 

[0 0 5 31 u±<ommm^s mMmi<ommi^^^y^ 



[0 0 5 4] ^fc. ±^mmmi--e<ommm^^ 
(1) (4) (Dm^ik(Dm^^7jk't^ 

[0 0 5 5] 





(1) 


4kt¥^ (2) 


(3) 


(4) 




-0. 64 


0. 2 5 


1. 83 


0. 0 8 0 




-0. 63 


0. 2 5 


1.5 1 


0. 0 9 8 




- 0. 7 1 


0. 26 


1.6 1 


0. 10 6 




-0.8 1 


0. 29 


1. 67 


0.111 




-0.9 0 


0.2 9 


1. 69 


0. 10 5 




-0.6 2 


0. 3 2 


1.6 1 


0.097 



(14) 



^mW- 10-62687 



[0 0 5 71 C2] Siinwm^'oim^. iE<Dmtn:fj^^ 

*-r5^3l¥, IEOffltff;^;5r^1-5^4i¥/l^b^<c'9. 
WJ-i^ibi-^ 'bwT-fcoT. |g lSl^4IE<o^^-vXcD;V- 
[0 0 5 81 t3] l^i^mX'Omi:^. jE<DmtJftJ^^ 
•f'S^lIf, A(^®tff;^?r#-t-5Sl2l¥, lE<ommtii: 

^3p{4'>^i < 1 1 ItfetOftUVX^-^-;!^, ||4l¥ttIE 
CO*, u- >'X<73;j^*^ e> Tic 5 r i: i: i-5 X- A u >- 
X, 

unite, jE<omtnti^m 

-2. 5< Z3/Z2 <-0. 4 5, 
3) fim i »^<75j£:^ffi7!i-e.fl^ 



[0 0 5 91 [4D 



i-5^iSI> A<^iaSf;^^Wi-^^2i¥, jEoaW;^Sf 
^•-rS^SII, iEro®tfr;^i5rW-r5||4?¥j!i^ep^cfJ, JE 
lb aJSiffi 1^ T ^f^f S , II 2 S¥ ft^ttij {c # 

A-t.^^t), gS'9Sr^2l¥tm3i¥©ft^lc|l^Ufc:iiSf 
#il5[i:i-5X-AU>'X. 

[00 6 01 [5] !t!#:{RiJi: IE^O®fT;'J** 
i-5^18l, A<^fflW;b<^fi"i-5^2i¥> lEoa 
$f;^**-t-em3p, E©JB^;^%*t-5^4f¥*^f>^j: 

■r, ^ 1 PttjE com l^vXo;J^/5-p5 7^15, ||2S¥tt/>:'i 
< t lJtfc<^iEuvXiSr-^;^^, B 3 l¥tt'>''^ < 1 1> 1 tfc 
(OAL'^'X^r-g-;^^, ||4pl4iEO*U':/X(;3;^^^^e5 7S5 
t t i- 5 X- A u i^x, 

[00 6 11 C6] fc'bll2l¥*7^-;^7v'V 
C5] <0•^^J4^A^13SIE«(^X— AU->-X„ 

[0 0 6 21 [7] wTro^#^?as-r5 r 1 4r#m 

i:-rs±l2 [1] [6] (Ofpin/i^lJSfEmoX— A 
u VX„ 

Z2 > 0. Z3 < 0 • • • (1) 

[0 0 6 31 [8] WTCO^#«r-«S-r^ - i: 4r#^ 
tir^±U CI) Tl^ej [7] «{pmA^13®l5«feroX— A 
i/i^X, 



[0 0 6 41 



ft ( i (4 1 , 



0. 05<f4/fi<0. 41 
4) fin i i¥(7?;»,'^JEg|T-fo 



t-rSilB [1] 



• • • (2) 

C8] (^fsrn^^ 1 ^IE«<73X— A 



[9] 



0. 9< (^34t/'1334w) / (^2t//32ii) 
fey^b, /32„(iJ£:ft*ST-<D||2P<73f&^. jSntiSiSW 
■r-<om2af(Ofg^. ^34, }4J[£Ai^T-c0^3l¥i:^4p 
0^aK<73{i&^, 334T ^*M3iCT•(^m3S|t^4«fl^■g■ 
^ife<Of&^-C&5o 

0 < f , / f 1 < 0. 2 

[0 0 6 61 [11] t'b»2l¥^7d— 

e> [10) <0{5m*»lSf5^<OX-AU>X, 
[0 0 6 71 [12) B2S¥i:^4S¥&'7^-*v'>' 

^^(r^ifcfelCprDjtbytr i:$ri|#ti:i:-r5±ia CI) 
[11] <o-f5TtV/!)a3KE«?«X-AU>'X. 
[0 0 6 81 

[Eifficofa^/iiftBji 



<4 • • • (3) 

[0 0 6 51 CIO) £>lTW^{4^4:f»J£-r5r 
mt-t-SilH [1) A^fj [9) co{PltbA^ 1 III5«<^X- 
AWVX, 

... (4) 

[Hll 2f=^0J©*j6te^Jl<^X— AuyX(758lT®|gir-fc 
[1121 2|s:5IB^(D||j[i£«nj2C0X— AU-vXcOfWEISIT-fc 
[0 31 *^0J<^*M0iJ3roX-AU-:/X»Eff®llI-Cfc 
[1141 *|g0jro*jKi;«?iJ4(7?X-Au:^Xco»rBllI-C-fc 

[0 51 :^^m<omMm5 (DX—M.iy>'X(7:>mmmiX'h 

[0 61 3f:^0JcO||M^J6<OX— AU-vXcoSfrffiUlT-fc 
[0 71 ^i£0iJl<^iE|5gjt{;i7;j--:*XLfci:^(^ilX^ 




[1119] ^]5fe0lJiro||4S|iC*nx.Tm2l^(O#«){ii<> 
T i t) jfiSEBSt- 7 - :* :^ U fc 1 1 9 iRM El T- 5 o 

[Hill 



Gl G2 5 G3 GA FI 




Gl G2 S G3 G6 R 





^ggijl 10-62687 

Gl-^ll¥ 
G2-^2I¥ 
G3>-^3I* 

s 

[[112] 



Gl G2 S G3 GA R 



(K ft) 




Gl . G2 S G3 GA R 






G1 G2 SG3 G4 FI G1 G2 SG3 R 

I 1 I ini — I i—i n I ir-if—i >n ^— i 




s 
r 



(18) 



mmw- 1 0-6 2 6 8 7 



[071 



[EI8] 



(ffi ft) 



FNOiOOl 



J. 



^33.9** 



^2 



SA 



AS 



DT CC 



NAQD18 



15,5 
7 



(iS ft) 



15.5 



J5.5 



-g fo , ,I.,..P^ -g y , , , I , . fi g nago, ^ J ^ , 10 00 -0 92 ^ ^ | ^ 092 
SA AS DT(V.) 



FNa2.304 



-0.20 



SA 



u>20.0'' 



Q20 -Q20 



.ti» 20.0' 



Q20 -^QOO 



w20jO° 

/ 
/ 
/ 



noo -002 



AS 



DT (•/•) 



CC 



NAaOK 



0.02 -0.20 



5A 



15.5 ^ 155 



Q20 -020 



AS 



^20 



1 5.5 



IQOO -002 



ao2 



DT (•/•) 



CC 



FN03.087 



-0.20 



SA AS DT (•/.) 



U3 11.7* 



CC 



1 



-0. 20 ^ 



no 



SA 



(ffl a) 

15-5, 13.5 



Qf20 -0j20^ J , ^ . <i20 -10.00 



AS 



_jj.oo -agz 



DT (•/.) 



CC 



[[il9] 



NAa021 



SA 



(IK ft) 

1&5 15.5 

I/' 



15.5 



AS 



DT <"/<'5 CC 



NAa069 
I V 



-0.20 



SA 



(41 ®) 

J5..5 tS5 



020 -020 



AS 



^20 



-IQDO 



t5.5 



TQOO -Q02 



Q02 



DT (-/.) CC 



069 



-0,20 




0^ -Q^ 



20. 



(a a) 

55 155 



120 -laoo 



AS 



[&5 

I 
I 



^00 -Q 02 I 

DT (•/•) CC 



